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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a standard deviation between tires 
of different types as much as possible by continuously supplying a 
vulcanized material to an inlet of a final range, and maintaining a 
temperature and a viscosity value of a blend of an outlet of an initial range 
in a predetermined range. 

SOLUTION: A polymer material and various components from tanks 104 
and 105 are continuously supplied to a transfer cooler 4 of a blend by a 
biaxial screw mixer 2 from a charging hopper 3. Further, not only the blend 
from the cooler 4 but also vulcanized components from tans 106 and 107 
are continuously supplied directly from the hopper. At this time, a heating 
profile of the blend to be processed is controlled based on temperature 
and viscosity value at outlets C-C, A-A and B-B of the mixer 2 at two 
parts or more along the mixer 2. Thus, a standard deviation between the 
manufactured compounds is reduced, and its uniformity can be improved. 
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Publication Title: 

Continuous process for producing rubber material containing silica filler and tyres 
incorporating this material 



Abstract: 

Continuous process for producing semi-finished rubber products, in particular 
tread bands, comprising the preparation of a blend formed of a base polymer and 
various ingredients, added in measured amounts and at defined points along a 
path for mixing and advancing the said blend, by alternating phases mainly 
involving mixing, with a high level of absorption of mechanical work, with phases 
mainly involving advance of the blend, with a reduced level of absorption of work, 
while controlling the heat profile of the said blend along the entire said mixing 
and advance path by determining the local values of a number of physical 
parameters, which are taken as characterizing the heat profile of the blend, at 
least at defined points on the said path. 

The process is carried out by means of a plant consisting of a twin-screw mixer 
(2) in which various components of the blend, including the polymer base, silica 
and silane, are introduced, of a cooling device (4) fed continuously by the 
twin-screw m 
268 

ixer (2), and of a single-screw extruder (5) fed continuously both by the said 
blend leaving the cooling device (4) and by the vulcanizing system. 
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[0 038] VHY^Sfc. It^yA^y h'<0j>Sf[ 

fc, Lfe M/7 Y<7)\3.tA,t' 1 0 0 *tt*r 

[0039] S^lift-Ci^Ki^RoT ^Cftt 

[0 04 0]*aj8lAtti^Hfft:tJV^, 4 9V7m 
it&W&M 1 9 5 0 0 0 3 5 9 A#teBwca$*«:J: 3 

±i/a.7Xm.C Kl& IVC K3 (100%fcJ:t/30 
0 t tJ V ) tfKWO* ^> 0 . 5 *)SOtl* 

iiH$r* L . ifc«3 yy^ y F^^ii^friettJgco 

<s 6 UZ I < {4 5 . 5 *IOlfli 2: 
[004 1] *aiSAIil»SWt . iSi^/K7)««tt 
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□ 7 -f — /l/ (heat profile) £> £ 

fctiO. 7VVY<r)?^uy 4->v*mfr3Whk% 

nmzm^&z.k izx oTcoisnsawft-c* * 

X'hbokW&Ltz. 

[ 0 0 4 2 ] L<tti^iHWiflinaS»<0^=flr< fc 

[0043] ^fcitfflK{4flBtWC±ie^ro7 
[0044] 1 mmmzti V >T . *f£WI4*P5ffl * -f 

<r>m\twM^nnk-tmtmm^z\kifiX'th 

^ffltfR&if&ti-XV V-^-X N k t> 1 SO 

x. m&u>vni&8mstt&mm%e>mMzm 

[0045] CaMWi. L<{iHtilBIU»Kll^A 
□*3J:i;a}PS^iac*4i!«S:< t> loo^-ivfti 
«»1 +flMMWc»v^r, S fefcj: Off* LOiffliEfcJ 
MKB^AnV^^^. IfiEWEfflOAPiUt/ttP 
6 SEK L W»i L < 14 5 5 ^ L 6 5 

I. 

[0046] 3*>tJ:'5#*L<{4±IE3ftro7^-;U 
iME^l+m^fcfc^T. 110&Ull20°C 
<0ffl«T A i3j:tfiSaKT 1 it:tJtt6 5 4 0^L6 6 0 
Pa*s«»?», &^iflifE*0»MHOMEttJP 
atfttiJVvC. 1 5 0&V*L 1 6 OXOTfflgTcfcJ;^" 
ISfiJSTc CiJJtS 3 0 0 L 3 8 0 P a * s 

[oo47]»^t< ii*%w<v*mi . mm.*®. 



[ 0 0 4 8 ] #4 I < li, ±iEf»7*07 4 -;Wi, Bute 
^S6H«Ol?ieAPfe«J:^£iiPa5^iafcJ>S^< t 

$ fefeauet* z k izx ox tsjasfi* . 
[0049]$ ^ l < fifties* 2 *iass#a<, i? 
iBWj®HoAPS**^s frie^igH^mieAPfc 

<oEKt:giastifc#aw»2 4'ia»»B(c-aL, $ 
uzkimK im&s&ra y < -Mfi. mm 2 <*> 

HS^fcts 5 5 &v > L 6 5 °C<9?flJgT B fc J: IfU. 
?SJ£T B fcfcltS 8500Pa*s^rV>L7000Pa 
* s <r%#g.m* : $-i'h . 

[0050] MflottariUcHLTfi. mrfE^Tn? 4 
-;W 5 f^ L< (ifjiaSftKH^AP^tfcV^T . 1 

0 O&V^L 1 1 oxwm.Ts&xxftmg.Tsizmi 

600&UL6 50Pa* scoffiS^SrWU § h\z 
X *)1&£ L<{4Kri2fi^KHOfIiBaiPSP^Ki3^-C. 

1 1 0iCSri8i*v^iB*T r 4iJ:t^aJKT F t*5{t6 5 
5 0SrOL600Pa* stf5tt*J7 K *^TtS. 

[0051] ffiKttT'uyH&^LTfras** 
m-hx? y ?.-tt^hzMx9 y •?» 

[oo52]$ tKffi<?)tf 4 u*sasfcj:*ur, 7*1/ y 

<\mtlX7 y a-<0I1HE2K*W3 5^rV^L4 50 
[0053] ±IKrj£«ff 4 U«Ciii^ . MIES 

^»w»3asBKii» o fit E7V v y wmamm 2 0 

0&V^L.4 OOkgT'^O. if*U<J4flStJ«Kfflrt 
^ii?fE7'i^yKcofjjias*%#o. 5«rv^tl. 5c 
m-e&y. tfne^wtEHoAPa^^fneft^ffl^ 
*p^4T'wffiE?i^ay r Bu3igffstcfctti.j!!isii#r B i 

^'5^rUL 1 OftX'fot. 

[0054] m2cr)mmzt3^x . xmummfj 

IT^fflamZtttZXV v-^-x. ^=5r< k 1 18 

^rfWcfe^t . fflE^SfoffttitttfOn y>^yW l 
0 0XW&&£t$^XmfcLX* 7 6MKA---) 

IEttS(i7 8^rV^L8 2IVIL (A---) ^ffl^fl-f 
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[ 0 0 5 5 ] t < fc. *f£ UflWfcifttf, 
^FSEft (indefinite length) cOiilsji 
[0056] 313 c^ffiWHcfc WC . *SIWJi-»<0f~ 

[0057] Z0)W(Wm&if>e>®t>tli> hls-v h'A'V 
F**tt*4*li, 10 0%fc«tt^3 0 0%^WfcP3 

X<7)9 9. 7 3%1)\ mi^W^X h f-XcO^e if a 
5xc7)Wl(c^tT±o. 5*8L ?tt;ftW:li 

[0058] wwrnrnx-a. *fmtmmm94 j rtz&. 
i/VAtWftb-i-hW&om. 1 1, loam 

[ o o 5 9 ] t < fc. «E*»fcJ:ntf . 7U v h^s 

&3#5fcW3R«3it4tt**«U £#:T0. 2 50 
kW/kg*jf| N #SL<{iO. 165&^L0. 20 
Okw/kgtftO. d<>CcJ^OML<lijnBmHK 

S^tt*$<^4< t t> 7 5%fc$fU*. 
[ 0 0 6 0 ] V vtffitc Lti), *&|«£Mao t 0 T 

[0061] 4&tmtz X h */ 'J iifflg&SmiQA Lfc 

rvyYzm&LXwmZit&tztb 
iEHiiyv y ^m^i^mim&i-mizfu > f 

left t Tff -Ml* lffl«ftWt«W«BI*J «tl^**«-?-ft.«i 
H>Sr 0 , TV V F OSiTn y j -;WiS»co-«<O^CT 

iirn?^ -/Miff* L<Ji;fc-f7Vy F£ 

mx'±%ztt@rmz-£. zuzmmtLKitz 



[0062] ±M<vt>miW i Kami <r>r? y v 1 
t-thwmmi 4-&< 1 1 1 fflosotis 1 ? s-srtrr 

iA3 y^y F F k >y F'A'y Kfflay \v?y 

f S) & v m £ fc ^ -tm V V -y < y H wa^jtffl fc 

mztixuh. 

[0063] *ftpnc?>mizjim%xv ~?-<-w*> 
x*m : Jx»ij:v/*ttt\i°->^ mmmh L<m 
m : e;v-cr>m&iz*'>xmtiz>*mam&-&&t 

[0064] *'J ( 1 , 4 

-yxy^y'xy) , i$v?wa?vy, XV (1, 4 
-yx^vri^y) . -f yrvy/-f yy-fy 

i-oTJiAoyy-ftStL^tcO) „ ^yl^/T?!) 
o^hU^^^ix^-by/y^^'xyn^'jv-, fc 
ii^xf-i^y/y^^xy/w yr^y^-^uv- 

f - 1/ y/r a tf v y/ ifx.y 9 -tf-i-frbM&Z ti 

[oo65] T?yh umnmz. mwxtyri o 

4feJ;t>'l 0 5*^S'JitU>:*'D-7-^i3«J:l^S' ! ?<7) 

a- s*^-2. ypyH&^L^a-ri.^o^a 
4 . tchVlzgrn-Afrhny'isy vnWtb-fWmz? 

[0 0 66] i0^ftWfcU4ZW^^'jA-S^-2 

L . ff aj«**tSrt-s§6A* 7«- 3 oBBnawifriB 
lOT^H^Ansii^ i - 1 mnmz-&L s ttzim 

mc-azm , mtz-8ct&. ^wmzxtut. zcd 

«<05^"9-H±ff4L<tt#X^'jA-<oag "D" t 

LTUiBJ-r * r 5 y h tfcv^t 

2<7)#? "L" 3 0 OmmtL/DWl 0(C^ 

[00 67] $*y-2it§>mM<?>Bnz$A; %«n 
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mUlimzmm. tzt IliF arreKWerne 
r&P f leiderer, fcit/Porai n i 

[0068] ^-Tix^J; . *^{:<fcit{f . x^'Ja 
&t^J£ffi£J?r^*EfflWcii|»StfT^$ 3 3 y 
-te»d<J«fir< k i 2«$h ffi L<tt^*< k t 3 * 

[0069] mM&jmtP&mm&mmicO&X'K^ 

"a-a" kfbi*U:SHh 3&fc«J:*)i5raL<li. m 
<0H3OStfh -t^hh^tlhmiiZ "B-B" kSU* 

[00 7 0] SfcfcftKWKtt. A-Agl5#£$?;£L< 
Jig? 1 mOfrt> L«0 5 5 & L 6 5 %<0K«tl6a L . 

0&OL1 2 0°CT'J>9. *fc*tl&t6fii*»7AJ±5 4 
0&^L660Pa* s X'hh. 

[007 1] tiJP^C-CtCfcV^T. iOK«Tci5.k 
lfflUt«i7c«ff*L<tt**l'«ll 5 0£V>Ll 6 0 
•CiUtfSOO&^LSSOPa* sT$>S„ 

[00 7 2] jffi L<<i. B»Jo£5*-?-2l*]cD 
7 V y H 7 ^ -/Mi^-Sr < k t £ fclfl 3 O 

A, -r**>t>B-Bai»fc:i3v^-c<>*ij»s<ift. 

[00 7 3] §<btiBI(:li, B-B^S:miSeo*> 
&#*L<ttL03 5£^L4 5%<*>EJBfcl!fcEU £ 
«|^fe*Jtt*^UV KISMET, l4ff4U<tt 5 5& 
^L6 5°CT"$>'K 4fc*tJE^4tt«»7B{i8 5 0 0* 
V^L7000Pa* st'JS. 
[0074] iaBEtiflEaWtffiffl"Wi? ( c o mm e r c 
ial reference) JXILtiottlS 
ft&St ad a r d/Pom i n i ?--f 7V)$c/3 yx 

[0075] ttffimia«{£G ottfer tttHRh 
eo-Vu 1 kame t e rOW»*fflV\ SW^y 
HSISl/20m m<0%M«j!p £> 8 0 ; <-Atf>EEflT' 
3 0»ISIffaj1-itfc:J:-5T«l£SiiS. %BHPJ: Off 

a * s im^Wfi^ah htlh . 
[00 7 6] ff4L<«ffl£lif-YyA-8rt«0Bfa«0 

[00 7 7] ;®j:5icr5^HoffiL^ssaii. 



t&hftmt%m<?>h<?>X'i&^) z'ffozbtfx-%, ft 

#x? U a-(i^J«ofi^ffl*ff ofci^Kjttfc:** 
kl4V^.> J; DITOi;liiJft-*ft;(:i' n Styi/y 

[0 078] X?'J a-<7)ffe?[${iX? D jL-<D$tt£*t 
t T , BBBlfc K/UOjDl&tt 3 flWSTJiff 4 L < 14 1 
0£V*L3 0* . ttzmimi&X'lZ2 0tt:^l4 0° <D 

[007 9] iF*L<J44otf5#tt9. 10. 11, 1 
2*«$*-fr-*#fciBoTifc»t6fi.<02) , 2o(i± 
icffi&^fcftco&cTX 2o{4±lc}iSJnicoJtft<7)i>co 
T*-?T. k<KmfflO*»$>2#BRtf4#B«DW* 
1 Ofciyi 2(43S^li«JPX(CfflV^^toWtc7)T' 

[0080] ff4L<«, Sf2W*!lOfc:j3VvC2o<0 
X^'Ja-liilfiKtangential pro 
files) £3fU §£fc,J:9J?4L<li, ayrc* 

[0081] dft&^Jg&SK'f^TfcfcVvCs A— ASS 

ij-fiit^B-Bawj'tt. x? 'j A-^iK^7*i/y Hco 

[0082] TVy Ktf>S*&tftt*«i, ^ffloi 3 

tBirier^ y h«ffa«^(t4>n^^a&txiBS5ga 
J; o-c $ # (cue UfcWIrtfcftWrii* . 
[0083] i/5yfci/U^RfSii^U<(iS^ 
-*aj4IBfc:4*Sr< k t> 8 5%^TLT^&^#£> 

n^v^Bat^rac J: ^xw&stih . 
[0084] iwr, 7Vy K£7)?l^at/l?a 
<ofc«wog(s<o+isiBiHJ±r u y h i x <§m * 

^SJiH 1 TJ±-e<0««i t AEtW t S ^fl?-- 2 OftiiJ? L 
khX'ZZ. 

[ o o 8 5 ] immz x h 4 \t 5 * tu 1. 7V 

\^ti. zttit. i&mnmw. -ttthhxnmtc- 
cfrb&nmE-Etx^®£m.t&coi l z<m%'j? 
&nwffl{iwvMi*7i'> vi.zmmit^m'Mmz^ 
•thztZK'tfbtiz. muzTP-mtL^mrnxu. 

S **T- 2 iOfUPSP^C - C {436H4 WAPgP^C - C 
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[0086] mm4cr>%<(7)mz>m u\*»«m 

spam, ititf^x9M-&ae.frhmmi-&&nft<?>#A 
« i l < f±»«s «±s*os[f*«oiiiai=a^< saws 

»»S-ii:6fcftt:SaB<oajPIB^liit:itft^SE«* 

& c Sr«ia i , s'i^ffiji . -m* -fftaiso 

tt±K GBE«Wte «ft<o-*f *>ft*£S@1- 

-I<02o<7)tt(i. JWSIffi (divergenc 
e ) OfigKfcUTSSH^APIiltfh tthhZMX? 

[00 87] micom&mzm^T. ^ox^'Ja 

[0088] S6£#aU*lB»S6Ki3Vvr, 03C« 
■Ja-13, 14SriliT. 5 

[0089] &&40MMzm&< , m& i 6 ox#> 

1 1 0'C<75i&Kfc:#9LHlSfc:. *tJ&fS«i£#6 5 0 
&V^L6 0 0Pa*sT"*«>,rfc£li*^&#£>. 

^immiwmn&ftk tit, t^co- 

[00 90j$?£L<Ji£S4£fflStt$li*n0 0X: 
[009 1] #»HJHCJ: y7Vy b'^I-^LTfia^-lt 

m&zw&i-tzMz®%%mvi£ itz&uyj xmh 

N 1 1 5m*]-#y77 v? (Cab 
VN3 l/Vi] 
^yy Si 69 
KftSlB 

xrr yyss 

^bffiiMI 6PPD (Santof 



[0092] ffttiftfcffcOlSA* -y^-coiapgBtifrie 

s^iSHco xum E - E fc hkwk-r l * * fcSfas 
ftF-Ft,zm®mz-%cr&. ^mzxtm. zom 

$ "1" <0tf>'6&^Ll 2T&S. 

[0093] mitzsmznmwzti&Tyyvizii^ 

XH. -M*?V a-fftB«5<0^§ "1" (i9 0 0m 
mt% l/d<9Jt«il 0WfU>. HtSpWrK 
■KfeWC. Jfaj»5<OAPSWE-Etti6a4<oajP 

[0 0 94] -mzfVx-WitiWLt* tUtfBer 
stof fftKrupp Machinentech 
nikt^tt#<^ttK "Pin Conver 

t " i w o m&zx^mim&mcommnmwxh h 

ZbffX'Zh. 

[00 95] *F*KI4JW»50fflP«i'P-FlC*J 

1 10'C&tJ f 550^^L.600Pa*sT'-J>0. ff* 
L< liAPatfhaME-tSfcJ: 0 fc A£ < li&v\ 
[0096] *a»stfBiW-i»r5yhtfc^r. » 
am5ff)tnn^^it^3 0 0&V">L 3 5 0 mnTCJIS 
# i 6&^L8mm£):3y/ , ?'/'>'K;/— K £>3>V^i£jt 

^ yA-^ y fx h y -/riwmtzwib-rz o & 

[0097] tiithV-yF :*A£il8HBi&?-*fc*> 
[0 098] Xf-l/yy^^'xyn-A (SBR) 

0 ttft t assists i t l> y-?-, ^ y 
5tes iti . * y fc *BSjSsww^>^«*«s t-r 4 ^ 

fttcli, 7X^-A' 7 f (it-Xyyy vttWti'V 
[0099] J: ypfflWi, *-y^-*S-C*ASfL6 

y H«n*»i4# y i o o n&mztt i 
xTim&mzmLK. 

100 

ot Corporation) 
30 
3 5 

1. 5 
3. 5 
7. 5 

2. 5 
2 

1 ex 1 3) 1.5 
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Wtm&M TMQ (Vu 1 can 

i/VticDmttfv i o oMasfco i o& 

£90 SMSttzAJtiZ b #T*# , gtv? Vlii' V i] 1 0 

i o oaasPiJt o 8&^t i osnrcfti. 

[0 100] vUrtliBETSfciOaigL/C 17 5m 

100^L300m«/gT»4^*TM. ftftW 
KttD e g u s s a*»fe|0ESit6VN 3Wis l ) JlX'h 
ntz. 

[0101] i'V*1&-&Mlti'7>mX't>'>X. b<tz 

Til<7)i><ntmi-tlztwx'Zh. fx (2-hyx 

Kdfvx»J;urntT;U) fh5^7^ h\ h'X (3- 
hy* N^fi/y'J^nbH fh7^7-( h\ t'X 

K. 

[01 0 2] #£L<{iffiJP?&Si 6 9fcu3£&T 
M^Degus s aA^IK^ixTV^v^y [t'X 
(3-Mjx|^;/^y;U7Dtr^) f h7X;l-7r 

[0103] *^-3fc»A3*lfcJS#fcCTm** 

$y?X$ft, Z<7)7U$<y7ZtfWliim*mz®iX 
10104] bKtzi/VAb VtfHMSRGtfHtt&S 

xmm&. 

[0105] zx7isymn2W6i oksau m 

y7i-^/7-y'y(DPG 8 
W/f7y/^7x>'7;F ( 

ffiH«l5tfe^T7'^>K<i, ^-^-JL--yb (0* 
W 3 5&v^L4 5 HHE^jl^ 

y A-^iHiiiEt i or mzmt>tifr-o-*sm.®&*i 
mzmsztiz. toxm&ii2%^L3ftffiX'h&. m 
flomttttiini $ 2 "Cff*)<is«W!iio: i o i>m 
nmz'jf^. 

[0114] *%mz i *:firi£<o«R$rJllK*> l oii- 

[0115] -ttX^y i-ffaiWi, «»X*W!J 

X o izMWZix. *<0iai»iKaRfc i o o - 1 1 0°C<7) 



ox) 1. 5 

[0 106] *2*W1 OOB-Bj^Tli^VFtf 
« 5 5 *C<75iB*T B *$ it^> 8 0 0 0 P a * s <o« 

•tm&viizm-z. 

[0107] -ottomsWA 1 1 t±iCft^«! 1 2 t 

iio*> o mimmnzm l. zz x-ttm* a - as#c 

iiJiiLT^ 1 2 O'CcOfflST^i^e 0 0 P a * s 

[oi 08] mmm 2^zix^^tmwLb^v 
v vo&y-itzwckizi- htMzm^mwmxmh 

[0109] ffiPa^C-CCtJJtft^UyHttl 50 
tfttt 1 6 0 4 COT^fi«T c I . ft«77 c Ut 3 4 

0 P a * s -C&oT » ^#Mi£SHl*JT , ^6fc:o*l 

t. zc?>m<7)±i o%$mt&. 
[oho] m*te^Mz*£tmztifz.m& 
mxizftw z*v-2cr>mm&tem2 o o&^t 
4 o o k gx-foi z t . zfisy vniniMBkt 2 

7=5rV»L 1 . 1 c mCO'M&TWMth . 

[oiin s^-*aj6yi^yh*ttiMeraK*<» 

fcUi^<»»*SJt*vuatcH»ffls*i-r. «i oo°c 
nw&axitft) 6 o o p a * s cDfkgx'-m*. 7 y 

fftB«5^A*-y^-(ciiJ3t^l». ^ffl^lrt^S 
B$raii2=5r^L37}-raTJ>l». 

[0112] mcr>mznitim5<7)*v^-! l zmx-r& 
z t tfx'% ht>K b < izmm*oi8.%tmxztis> . 
[oii3] ^^zmmza, *v^-izmt?tLim 

1 0 0**»Sfe 



0) 

TBBS) 



1. 25 
1. 5 
1 

0. 2 

5 0 0 P a * scr>M£X'i&Tt&. 

[0116] -mx? y 2.-mtimiim%mz3y^ 
*? v HfftB** «« as l . -en^ 3 o-c*M^iatt^9 
lt, tzb L\m% Y )^r>tz)v-r-$.<r)i/- v<mx*& 
mmizMfr. torn uzftfemw a ^mm 

[oii7] t&wm L^muxn, -mx? y 
[oils] *m&z$>iztyt>frizi- &tMz. xm 

CSdf9--2O»ltB0*»^B-B»^» A-AgB 
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7£04KS*-f. 

[0119] o fc. S^-t-WJIWIfcRI 

flOHre^>a«atfttJt«Et iot Mi * 7' 

i/yh' 0^7°d 7 -< t StfS <t -3 fcfffcix 6 1 

5. 

[0 l 2 0] 04coj/57(i, *W«cJ:4aifclcJ:o 

[0 12 1] \,^frlhb. rtv/<-3fc*AS*ia« 
K ' 02*<7)il±c7)^^-r > Iixf>i^||<7)rtffli|tASS 

[0122] ^mzxium^ m l<<±a- ask 

K' KJ:oT3ift<9<iSaK*TI36iaftfc:Siat*0 

mi±mi&se.i~smiiz-ttn£. A-Agp^tc-ca 
(vmzim t iz® o as^tf <?>o# a** o . *fit= 

«fcoTC-ca5$Mil6 0iC£±|IISfi{3il/C. 3V 

[0 123] LfctfoT, 7n-k*#A-AWftfc|| 

A-AgW-kC-C^i-fcwBoiM&MHI 
t' Cj»oTS^C38ffL. C-Cg&frJJl 5 0*C*T 

[0 124] ;^:§IL, *^HJc7)ayn 0 >>>Kfcfe 

active, ^y^fc^^y^^RjB^ff*^**^ 
[ o 1 2 5 ] isy yitmt, Ymtrsttrnm-emtit: 



[ 0 1 2 6 ] ?v 7 fcHBtMUttW* J: 3 . H t* 
Kt*«-6RJ«i, JUffiteftwc, 

it**. 

[0 127] SfclC. «PU>RfE*HBt£*f**i'?y 

^tt^jWL#-r*fco*vcJi*i-* (T,<T 2 <T 

3) . 

[0128] i^idfc^yfc^u^RjcjiiaKa 
mzm^H-TLh, 

[0129] 'MSKQUmX'ii. 3 yA'i) y KiffflHM ? 
/Wci3vvc«**£ t* 7Vy HO^BW^aaiB**^^ 
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i. Title of Invention 



PR0lcT U W S IT r 0CESS PR0 ° UCING ^« ED RUBBER 

PRODUCTS WITH A SILICA REINFORCING FILLER, FOR TYRES 
AND TYRES THUS PRODUCED" S ' 
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2, Claims 



1. Process for producing a rubber compound, for use 
in vehicle wheel tyres, whose ingredients include 
a polymer base containing an unsaturated chain 
which can be crosslinked with sulphur-based 
systems, at least one silica-based reinforcing 
filler, a silica-binding agent based on a silane 
containing at least one sulphur atom and a 
vulcanizing system, this process comprising the 
phases of 

- feeding the said ingredients continuously into a 
path for mixing and advancing the blend, along 
which mixing of the said ingredients and advance 
of the blend take place together, the said path 
having an initial stretch, an intermediate stretch 
and a final stretch, each of the said stretches 
being defined between a blend inlet section and a 
blend outlet section, the outlet section of each 
stretch essentially matching up with the inlet 
section of the next stretch, 

- feeding the said vulcanizing system continuously 
into the inlet section of the final stretch, and 

- maintaining, in the said outlet section of the 
said first stretch, temperature and viscosity 
values for the said blend within defined ranges by 
means of controlling the heat profile of the said 
blend inside the said first stretch. 

2. Process according to Claim 1, characterized in 
that the said heat profile of the blend is 
controlled by determining the said temperature and 
viscosity values each in at least one respective 
first intermediate section, lying between the said 
inlet and outlet sections of the said first 
stretch. 
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3. Process according to Claim 2, characterized in 
that the said first intermediate sections coincide 
in the same section A, located at a distance from 
the inlet section of the said first stretch which 
is between 55% and 65% of the distance L which 
exists between the said inlet and outlet sections 
of the said first stretch. 

4. Process according to Claim 1, characterized in 
that the said heat profile has a temperature T A 
between 110 and 120°C and a viscosity r| R between 
540 and 660 Pa*s at the temperature T A in the said 
first intermediate section and a temperature T c 
between 150 and 160°C and a viscosity r\ c between 
300 and 380 Pa*s at the temperature T c in the said 
outlet section of the said initial stretch. 

5. Process according to Claim 1, -Characterized in 
that the said blend is cooled in the said 
intermediate stretch in a manner which is 
protected from variations in ambient temperature. 

6. Process according to Claim 1, characterized in 
that the said heat profile of the blend is 
controlled by determining the said temperature and 
viscosity values each in at least one respective 
second intermediate section, lying between the 
said inlet and outlet sections of the said first 
stretch. 

7. Process according to Claim 6, characterized in 
that the said second intermediate sections 
coincide in the same second intermediate section 
B, located at a distance from the inlet section of 
the said initial stretch which is between 35% and 
45% of the distance L which exists between the 
said inlet and outlet sections of the said initial 
stretch. 
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8. Process according to Claim 7, characterized in 
that the said heat profile has a temperature T B 
between 55°C and 65°C and a viscosity r\* between 
8500 Pa*s and 7000 Pa*s at the temperature T B in 
the said second intermediate section. 

9. Process according to Claim 1, characterized in 
that the said heat profile has a temperature T E 
between 100 and 110 °C and a viscosity t^ e between 
600 and 650 Pa*s at the temperature T E in the said 
inlet section of the said final stretch. 

10. Process according to Claim 1, characterized in 
that the said heat profile has a temperature T F not 
above 110°C and a viscosity r\ T between 550 and 
600 Pa*s at the temperature Tr in the said outlet 
section of the said final stretch. 

11. Process according to Claim 1, characterized in 
that from 10 to 80 parts by weight of the said 
silica-based reinforcing filler per 100 parts by 
weight of the said polymer base are fed 
continuously into the inlet section of the said 
initial stretch. 

12. Process according to Claim 1, characterized in 
that from 4 to 15 parts by weight of the said 
binding agent per 100 parts by weight of the said 
silica-based reinforcing filler are fed 
continuously into the inlet section of the said 
initial stretch. 

13. Process according to Claim 1, characterized in 
that the said binding agent comprises four sulphur 
atoms. 

14. Process according to Claim 1, characterized in 
that the said binding agent is bis { 3-triethoxy- 
silylpropyl) tetrasulphane . 
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15. Process according to Claim 1, characterized in 
that the said initial stretch of the said path for 
mixing and advancing the blend is formed by a 
twin-screw mixer. 

16. Process according to Claim 15, characterized in 
that the said screws rotate in opposite 
directions . 

1*? . Process according to Claim 15 f characterized in 
that the spin speed of each screw is between 45 
and 55 revolutions/minute. 

18. Process according to Claim 1, characterized in 
that the said final stretch of the said path for 
mixing and advancing the blend is formed by a 
single-screw extruder. 

19. Process according to Claim 18, characterized in 
that the spin speed of the screw is between 35 and 
45 revolutions/minute. 

20. Process according to Claim 1, characterized in 
that the rate of advance of the said blend in the 
said initial stretch is between 0.5 and 
1.5 cm/sec. 

21. Process according to Claim 1, characterized in 
that the throughput of the said blend along the 
said mixing and advance path is between 200 and 
4 00 kg/hour. 

22. Process according to Claim 1, characterized in 
that the throughput time in the said mixing and 
advance path, from the inlet section of the said 
initial stretch to the outlet section of the said 
final stretch, is between 5 and 10 minutes. 
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23. Process according to Claim 1, characterized in 
that the power absorbed to mix and advance the 
said blend along the said mixing and advance path 
is, in its whole, less than 0.250 kW/kg. 

24. Process according to Claim 23, characterized in 
that the said power is between 0.165 kW/kg and 
0.2 kW/kg. 

25. Process according to Claim 23, characterized in 
that the power absorbed in the said initial 
stretch is at least equal to 75% of the overall 
power absorbed in the said path. 

26. Semi-finished product extruded by a plant for the 
continuous production of a rubber compound, for 
use in tyres for vehicle wheels, whose ingredients 
include a polymer base containing an unsaturated 
chain which can be crosslinked with sulphur-based 
systems, at least one silica-based reinforcing 
filler, a silica-binding agent based on a silane 
containing at least one sulphur atom and a 
vulcanizing system, characterized in that it was 
produced by a process according to any one of 
Claims 1 to 25. 

27. Semi-finished product extruded by a plant for the 
continuous production of a rubber compound, for 
use in tyres for vehicle wheels, whose ingredients 
include a polymer base containing an unsaturated 
chain which can be crosslinked with sulphur-based 
systems, approximately 35 parts by weight of 
silica-based reinforcing filler and 30 parts by 
weight of carbon black per 100 parts by weight of 
said polymer base, approximately 3.5 parts by 
weight of binding agent, the said silica-binding 
agent consisting of a silane containing four 
sulphur atoms, and a vulcanizing system, 
characterized in that the compound of the said 
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semi-finished extrudate has a viscosity, measured 
at a temperature of 100 C C, above 76 ML (Mooney) . 

28- Semi-finished product according to Claim 27, 
characterized in that the said viscosity has a 
value of between 78 and 82 ML (Mooney) . 

29- Semi-finished product according to Claim 27 / 
characterized in that a continuous strip of 
indefinite length is formed, with a cross-section 
corresponding to the shape of a tyre tread band. 

30. Tyre for vehicle wheel, comprising a casing formed 
of at least one reinforcing ply folded up at its 
edges around a pair of bead-cores, a tread band 
and a belt placed between the casing and the tread 
band, characterized in that the tread band is 
obtained from a semi-finished vulcanizable product 
by means of a process according to any one of 
Claims 1 to 27 above. 

31. Tyres for vehicle wheels, comprising a casing 
formed of at least one reinforcing ply folded up 
at its edges around a pair of bead-cores, a tread 
band and a belt placed between the casing and the 
tread band, the said tread band including in the 
ingredients a polymer base containing an 
unsaturated chain which can be crosslinked with 
sulphur-based systems, from 10 to 90 parts by 
weight of silica-based reinforcing filler per 100 
parts by weight of polymer base, from 8 to 10 
parts by weight of a silica-binding agent per 100 
parts by weight of the said reinforcing filler, 
the said binding agent consisting of a silane with 
four sulphur atoms, and a vulcanizing system, 
characterized in that 99.73% of a plurality of 
test pieces taken from the corresponding tread 
bands have a modulus value, with respect to 100% 
and 300% elongation, which falls within a range 

±3a, about the average value of the said plurality 
of moduli of less than ±0.5. 

32. Tyres according to Claim 31, characterized in that 
the said range is equal to ± 0.36. 



(22) 



EfflPFl 1-1 7978 5 



i Detailed Description of Invention 



5 The present invention relates to a continuous process 
for producing a rubber compound which can be hot- 
crosslinked with sulphur, comprising a polymer base 
containing a crosslinkable unsaturated chain, supple- 
mented with at least one silica filler and a silica- 

10 binding agent containing at least one sulphur atom; 
more specifically, the invention relates to a process 
for producing semi-finished products formed from the 
said compound, in particular tread bands, as well as to 
tyres which can be obtained from the said semi-finished 

15 products. 

In the following description and in the subsequent 
claims, the expression polymer base containing a 
crosslinkable unsaturated chain is intended to refer to 
20 any natural or synthetic, non-crosslinked polymer which 
can acquire all the physico-chemical and mechanical 
properties typical of elastomers after crosslinking 
( vulcani2ation) with sulphur-based systems. 

25 The semi-finished products for tyres to which the 
invention relates are formed of compounds of varying 
chemical composition, which are appropriately selected 
in order to obtain, after vulcanization, tyres with 
particular properties and performance levels. 

30 

The said semi-finished products are, in particular, 
tyre side walls and tread bands. 

In certain applications, semi-finished products for 
35 tyres with rubber reinforced by so-called "white" fil- 
lers are required; purely as a guide, it is pointed out 
here that these are inorganic-type reinforcing fillers 
such as chalk, talc, kaolin, bentonite, titanium 
dioxide, silicates of various types and silica, which 
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are referred to hereinbelow as silica fillers for sim- 
plicity. In particular, it is known to use tread 
rubbers which comprise reinforcing silica fillers in 
order to reduce the tyre's resistance to rolling. 

5 

Since silica has little affinity for the polymer base, 
it is necessary to add a silica-binding agent, advanta- 
geously consisting of a silane, which is capable of 
chemically attaching the silica to the polymer matrix 
10 during vulcanization of the compound: the 
abovementioned chemical attachment is optimally 
achieved when the silica and the silane are 
incorporated into the compound together. 

15 However, the need to incorporate the silica and the 
silane together into the compound places a constraint 
on the maximum temperature which can be reached during 
the mechanical processing of the compound by mixing: 
the temperature needs to be carefully maintained below 

20 165°C, otherwise irreversible thermal degradation of 
the binding agent takes place. 

Unfortunately, in complying with this temperature con- 
straint, there is a substantial reduction precisely in 
25 this mechanical mixing action, which is essential for 
optimum dispersion of the silica in the polymer matrix. 

The resulting insufficient dispersion of the silica in 
the compound in turn gives rise to a whole range of 
30 drawbacks essentially related to large variability and 
non-uniformity of the physico-mechanical properties of 
the mixture between one region and another. 

Moreover, incorporation of the vulcani2ing system into 
35 the compound also requires that a temperature of 110 D C 
is not exceeded during processing, and since each 
mechanical processing operation involves a gradual 
increase in the temperature of the compound, the above- 
mentioned compounds are produced by the so-called 
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"batchwise" system, that is to say in non-continuous 
amounts, of about 200-300 kilograms for each load, so 
as to be able to stop the processing cycle in order to 
carry out alternating cooling cycles during manufacture 
S of the compound. 

A general process for the mechanical processing of a 
rubber compound with silica and silane is the subject 
of the publication "Silica based tread compounds: Back- 
10 ground and performances", page 14, table IV, published 
by Degussa on the occasion of the Tyretech '93 confer- 
ence which was held in Basilea on 28-29 October 1993. 

According to that process, the silica and silane are 
15 added to the rubber compound at the same time, while 
keeping the processing temperature below 160-165 °C in 
order to avoid premature crosslinking of the silane 
from taking place by exceeding this temperature. 

20 From US patent 5,227, 425, a process is also known for 
the production of tread bands which are obtained by 
mixing a polymer base formed of a diene conjugated with 
a vinylaromatic compound having a vinyl group content 
of between 5% and 50%, this polymer base having a high 

25 silica content and containing a silane. 

The base polymer and the silica undergo mechanical 
processing in a mixer or extruder until a minimum tem- 
perature of 130*C but one not exceeding 180°C, and 

30 preferably between 145°C and 180°C is reached. 
According to another example, the polymer and the 
silica undergo mechanical processing in two distinct 
phases separated from each other by an intermediate 
cooling phase. In the first phase, the base polymer, 

35 the silica and crosslinking agent undergo mechanical 
processing until a temperature above 145°C, preferably 
between 145 and 1"?0*C, is reached. 
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The blend obtained is cooled to a temperature below 
100°C, preferably about 60°C, and, in a second phase, 
it then undergoes mechanical processing in a Banbury 
mixer (internal mixer) together with other ingredients, 
5 but not the vulcanization system, until a temperature 
of between 145 and 170°C is again reached. 

Next, the blend thus obtained is again cooled to a tem- 
perature below 100°C, preferably about 60°C, after 
10 which the vulcanization system is added to the blend by 
means of a final mechanical processing operation in a 
two-cylinder mixer (external mixer) , while keeping the 
temperature at a value below 100 °C. 

15 Italian patent application No. 95IT-MI000359A, from the 
same Applicant, which is aimed at improving the disper- 
sion of the silica in the base polymer, describes a 
process in which, firstly, the base polymer is mixed 
with the silica in a closed rotary mixer (Banbury) 

20 until a temperature of between 165 and 180°C is 
reached, after which the blend is cooled to room tem- 
perature. 

In a second phase, the silane is added and the compound 
25 and the silane-binding agent again undergo intimate 
mixing in a Banbury mixer until a temperature of 135°C 
is reached, after which the compound is again cooled to 
room temperature. 

30 In a final phase, the ingredients of the vulcanization 
system are added to the compound and further mixing is 
carried out in a Banbury mixer without exceeding a tem- 
perature of 100°C. 

35 A number of continuous processes in which silicone rub- 
bers, reinforcing fillers, including silica, and fur- 
ther ingredients, including silanes, are mixed 
together, are likewise known from patents 
EP 0,258, 159 Bl and US 5, 409, 9*78. 
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In particular, the process of patent EP 0,258,159 Bl 
uses a twin-screw mixer followed in series by a single- 
screw extruder whose outlet is fitted with a filter 
5 placed before a die. 

The twin-screw mixer comprises two screws arranged side 
by side which rotate in the same direction. 

10 The charge introduced into the twin-screw mixer is com- 
posed of the base polymer, available from silicon 
product manufacturers, a powdered charge such as silica 
and silane compounds. 

15 The compound leaves the twin-screw mixer at a tempera- 
ture of between 150 and 250°C and is introduced 
directly into the single-screw extruder, passing, at 
the end, through the filter and the die, from which it 
exits at a temperature of between 120 and 220°C. 

20 

In a. further example, it is mentioned that the compound 
leaves the twin-screw mixer at 231°C and at a pressure 
of 2 bar; the compound is then conveyed to the 
filtering zone at a pressure of 70 bar and leaves the 
25 die at 170 C C. 

The description gives no indication as to the addition 
of vulcanization agents. 

30 The process of US patent 5,409,978 uses two twin-screw 
mixers for obtaining a silicone rubber compound; the 
first mixer comprises a pair of screws rotating in the 
same direction, while in the second the screws rotate 
in opposite directions. The base polymer, the silica 

35 and the silane ingredients are mixed in the first 
mixer, until a temperature of between 200 and 300°C is 
reached. 
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The extrudate is conveyed directly to the second mixer, 
which it leaves at a temperature of between 150 and 
300°C. These temperatures are tolerable since the 
silane ingredients used contain no sulphur and there- 
5 fore cannot initiate premature vulcanization. 

The cooling can be carried out using, for example, a 
conveyor belt or an extruder comprising a single screw, 
with means for controlling the temperature. 

10 

The product obtained is formed of a silicone rubber 
compound which can be converted into a silicone rubber 
by heating after a vulcanization agent in the form of a 
peroxide has been added. 

15 

An inspection of the prior art shows that full examples 
of teaching are still not available, or otherwise 
known, which can be used for providing rapidly 
implementing continuous processes which involve little 

20 or no changing of equipment and contained labour costs, 
for producing semi-finished products made of reinforced 
rubber with silica fillers, in particular tread bands, 
thereby making it possible to achieve a high level of 
uniformity in the properties and thus performance of 

25 the product when in use. 

On the one hand, batchwise processes using apparatus 
known under the name Banbury involve non-continuous 
processing of the compounds and, although the quality 

30 of their products is good, they do not satisfy the 
demand for speed of processing and lower manufacturing 
costs, and, on the other hand, continuous processes, as 
seen, are not suitable for the manufacture of semi- 
finished products for tyre technology, in particular 

35 for the production of tread bands with a high silica 
content. 

The continuous processes referred to earlier in the 
prior art carry out phases of mixing a base polymer 
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added to reinforcing fillers including silica and 
silane components in order to obtain a silicone rubber. 

It should first of all be pointed out that silicone 
5 rubber cannot be used in the manufacture of semi- 
finished products for tyres, especially tread bands, 
and furthermore that the high temperatures, of 200°C 
and over described in the known continuous processes, 
can be accepted only because the compounds concerned 

10 contain silanes free of 3ulphur atoms. If the compound 
were to contain silanes with sulphur atoms, as is the 
case in the process of the present invention, premature 
vulcanization and, more generally, degradation of the 
silane would be encountered at the temperatures 

15 indicated in the continuous processes of the prior art, 
resulting in scorching .of the compound, the presence of 
lumps and other impairments. 

Thus, although continuous processes can be carried out 
20 using machinery which overcomes the non~continuity of 
processes associated with the use of a Banbury mixer, 
such as twin-screw mixers and single-screw extruders, 
they are best for the production of semi-finished 
products that are different from those required for use 
25 in tyres and, if used, they would make tyres produced 
with this machinery unacceptable. 

It should also be observed that there is an ever- 
increasing need to produce tyres, and thus the related 

30 semi-finished products, in particular tread bands, with 
a very high degree of uniformity in industrial-scale 
productions since, given current market globalization, 
all tyres of the same model, identical size and tread 
design have to maintain, for all potential clients and 

35 in all markets, the same levels of quality, which is 
generally a specific selling point, focusing in 
particular on resistance to abrasion, road-holding in 
dry and wet conditions, low resistance to rolling and 
excellent road handling. 
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The uniform performance of the tread rubber depends on 
the presence of uniform properties as regards the 
physical and chemical parameters of the corresponding 
5 compound . 

The Applicant has found that of the physical 
parameters, the crude viscosity, the breaking load and 
the modulus, measured at 100% and at 300% elongation, 

10 determined on the vulcanized compound, are very 
significant; while of the chemical parameters, the 
degree of silanization acquires great importance. The 
Applicant's aim was to achieve high uniformity of 
properties for the tread bands, with minimal standard 

15 deviations between different tyres of the same type. 

In other words, if a certain number of tread bands of 
the same compound are considered and the properties 
mentioned above measured, a good result would be felt 
20 to have been reached if, for each property, essentially 
100% of the treads considered had minimal deviations 
from the average value for this property. 

We will return to this point in greater detail and with 
25 more in-depth explanations later. 

Unfortunately, the known techniques relating to con- 
tinuous processes are lacking in useful information in 
terms of how to achieve the abovementioned values of 
30 uniformity with minimum standard deviation. 

In this sector, the Applicant, starting from the known 
art relating to the production of compounds for semi- 
finished products, in particular tread bands, produced 
35 non-continuously as described in its Italian patent 
application No. MI95000359A addressed the technical 
problem of developing a continuous process which would 
give very high values of uniformity in the compounds, 
with standard deviations of the values of the moduli 
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CA1 and CA3 (at 100% and at 300% elongation) from the 
average value which are less than 0.5 and standard 
deviations of the values of the viscosity of the crude 
compound, from the average value of the said viscosity, 
5 which are less than 6 and preferably less than 5.5 

The Applicant saw intuitively that the problem could be 
solved by using a process based on the continuous pro- 
cessing of a blend consisting of the base polymer and 

10 the various ingredients added in measured amounts and 
at defined points along a path of mixing and conveying 
of the blend by alternating phases mainly involving 
mixing, with a high level of absorption of mechanical 
work, with phases mainly involving blend advance, with 

15 a reduced level of absorption of work, while 
maintaining the specific value of a -.few physical 
parameters, which are taken as characterizing the heat 
profile of the blend, within a predetermined range by 
controlling the heat profile of the said blend along at 
' 20 least one defined stretch of the said path along which 
the blend is mixed and advanced. 

Preferably, this control is carried out by determining 
the value of the said physical parameters at least at 
25 predetermined points on the said path. 

The temperature and the viscosity were preferentially 
taken as physical parameters which characterize the 
abovementioned heat profile. 

30 

In one of its aspects, the invention relates to a 
process for producing a rubber compound, for use in 
vehicle wheel tyres, whose ingredients include a 
polymer base containing an unsaturated chain which can 
35 be crosslinked with sulphur-based systems, at least one 
silica-based reinforcing filler, a silica-binding agent 
based on a silane containing at least one sulphur atom 
and a vulcanizing system, this process comprising the 
phases of 
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feeding the said ingredients continuously 
into a path for mixing and advancing the blend, along 
which mixing of the said ingredients and advance of the 
blend take place together, the said path having an 
5 initial stretch, an intermediate stretch and a final 
stretch, each of the said stretches being defined 
between a blend inlet section and a blend outlet 
section, the outlet section of each stretch essentially 
matching up with the inlet section of the next stretch, 

10 - feeding the said vulcanizing system continu- 

ously into the inlet section of the final stretch, and 

- maintaining, in the said outlet section of 
the said first stretch, temperature and viscosity 
values for the said blend within a defined range by 

15 means of controlling the heat profile of the said blend 
inside the said first stretch. 

Preferably, this control is carried out by determining 
the said temperature and viscosity values each in at 

20 least one respective first intermediate section, lying 
between the inlet and outlet sections of the said first 
stretch, and, even more preferably, in the same first 
intermediate section A, preferably located at a dis- 
tance from the inlet section of the said first stretch 

25 which is between 55% and 65% of the distance L which 
exists between the inlet and outlet sections of the 
said first stretch. 

Even more preferably, the abovementioned heat profile 
30 has a temperature T A between 110 and 120 °C and a vis- 
cosity ha between 540 and 660 Pa*s at the temperature T A 
in the said first intermediate section and a tempera- 
ture T c between 150 and 160°C and a viscosity T[ C between 
300 and 380 Pa*s at the temperature T c in the said out- 
35 let section of the said initial stretch. 

Preferably, the process of the invention also comprises 
the phase of cooling the blend in the said intermediate 
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stretch in a manner which is protected from variations 
in ambient temperature. 

Preferably, the abovementioned heat profile is con- 
5 trolled by also determining the said temperature and 
viscosity values each in at least one respective second 
intermediate section, lying between the said inlet and 
outlet sections of the said first stretch. 

10 More preferably, the said second intermediate sections 
coincide in a single second intermediate section B, 
located at a distance from the inlet section of the 
said initial stretch which is between 35% and 45% of 
the distance which exists between the said inlet and 

15 outlet sections of the said initial stretch: even more 
preferably, the said heat profile has a temperature T B 
between 55°C and 65 C C and a viscosity t| B between 
8500 Pa+s and 7000 Pa*s at the temperature T B in the 
said second intermediate section. 

20 

As regards the other points of control, preferably, the 
said heat profile has a temperature T E between 100 and 
110°C and a viscosity r| E between 600 and 650 Pa*s at 
the temperature T E at the inlet section of the said 
25 final stretch, and, even more preferably, a temperature 
T F not above 110°C and a viscosity n_ r between 550 and 
600 Pa*s at the temperature T r in the said outlet sec- 
tion of the said final stretch. 

30 Preferably, the initial stretch of the said path for 
mixing and advancing the blend is formed by a twin- 
screw mixer with screws preferably rotating in opposite 
directions; even more preferably, the spin speed of the 
said screws is between 45 and 55 revolutions/minute. 

35 

Still in accordance with another preferred version, the 
final stretch of the said path for mixing and advancing 
the blend is formed by a single-screw extruder; even 
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more preferably, the spin speed of the said screw is 
between 35 and 45 revolutions/minute. 

In a preferred embodiment of the abovementioned pro- 
5 cess, the throughput of the said blend along the said 
mixing and advance path is between 200 and 400 kg/hour, 
preferably with a rate of advance of the said blend in 
the said initial stretch of between 0.5 and 1.5 cm/sec 
and with the throughput time in the said mixing and 
10 advance path, from the inlet section of the said ini- 
tial stretch to the outlet section of the said final 
stretch, at between 5 and 10 minutes. 

In a second aspect, the invention relates to a semi- 
15 finished product extruded by a plant for the continuous 
production of a rubber compound, for use in tyres for 
vehicle wheels, which includes between the ingredients 
a polymer base containing an unsaturated chain which 
can be crosslinked with sulphur-based systems, at least 
20 one silica-based reinforcing filler, a silica-binding 
agent based on a silane containing at least one sulphur 
atom and a vulcanizing system, produced by the 
continuous process stated above, characterized in that 
the compound of the said semi-finished extrudate has a 
25 viscosity, measured at a temperature of 100°C, above 
76 ML (Mooney) . Preferably, the abovementioned 
viscosity has a value of between 78 and 82 ML (Mooney) . 

In particular, according to a preferred embodiment, 
30 this semi-finished product forms a continuous strip of 
indefinite length, designed to form tyre tr^ad bands. 

In a third aspect, the invention relates to a tyre for 
a vehicle wheel, comprising a casing formed of at least 
35 one reinforcing ply folded up at its edges around a 
pair of bead-cores, a tread band and a belt placed 
between the casing and the tread band, characterized in 
that the tread band is obtained from a semi-finished 
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vulcanizable product by means of the process outlined 
above. 

Tyres comprising tread bands obtained from a semi- 
5 finished product of this type are characterized in that 
99.73% of a plurality of test pieces taken from the 
corresponding tread bands have a modulus value, with 
respect to 100% and 300% elongation, which shows a 
Standard Deviation 3o, relative to the average value of 
10 the modulus for the said plurality of test samples, of 
less than ± 0.5 and more specifically of about ± 0.36. 

In a further aspect, the invention relates to a method 
for continuously producing a rubber compound, for use 

15 in tyres for vehicle wheels, whose ingredients include 
a polymer base containing an unsaturated chain which 
can be crosslinked with sulphur-based systems, at least 
one silica-based reinforcing filler, a silica-binding 
agent based on a silane containing at least one sulphur 

20 atom and a vulcanizing system, characterized by low 
energy consumption. 

In particular, in accordance with the said method, the 
power absorbed to mix and advance the said blend along 

25 the blend mixing and advance path is, in its whole, 
less than 0.250 kW/kg and preferably between 
0.165 kW/kg and 0.200 kW/kg: even more preferably, the 
power absorbed in the said initial stretch is at least 
equal to 75% of the overall power absorbed in the said 

30 path. 

In any event, the present invention will be understood 
more clearly with the aid of the description which fol- 
lows and the appended figures, which are given purely 
35 by way of non-limiting examples, in which: 

Figure 1 is a schematic representation of a plant for 

carrying out the process according to the 

invention; 
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Figure 2 is a first detail of the plant shown in 
Figure 1; 

Figure 3 is a second detail of the plant shown in 
Figure 1; 

5 Figure 4 is a graph plotting variation in the 
temperatures allowed for plants designed to 
carry out the process according to the inven- 
tion; and 

Figure 5 is a graph showing the progress of the 
10 silica/silane reaction in a process for manu- 

facturing tread bands. 

The process for the continuous production of a compound 
for tyres filled with a Silica reinforcing filler, 

15 according to the invention, as already anticipated, 
consists essentially in mixing the ingredients of the 
compound along a path for mixing and advancing the 
blend, which provides for at least three successive 
stretches, namely an initial stretch, an intermediate 

20 stretch and a final stretch, which differ from each 
other in the type and amount of mechanical work carried 
out on the blend as it passes along the corresponding 
stretch: the heat profile of the blend is controlled 
along the entire length of the path by means of 

25 temperature and viscosity values which are determined 
at defined points on the path, the said heat profile 
preferably being assigned a course which first 
increases, up to a maximum temperature for the blend, 
preferably not above 160 °C, and then decreases, and, 

30 even more preferably, is free of inversions of 
behaviour in each of the two branches, of increase and 
decrease respectively. 

The abovementioned process is preferably carried out 
35 using plant 1 in Figure 1. 

In the example described, plant 1 is designed for the 
continuous production of compounds for tread bands or, 
alternatively, of tread bands for tyres, formed of a 
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rubber compound mainly comprising a polymer base 
containing an unsaturated chain which can be 
crosslinked with sulphur-based systems, at least one 
silica-based reinforcing filler, a silane-based binding 
5 agent containing at least one sulphur atom and a 
vulcanizing system. 

Among polymer bases useful for the purposes of the 
invention, polymers or copolymers containing an unsatu- 
10 rated chain obtained by polymerization of conjugated 
dienes and/or vinyl, aliphatic or aromatic monomers are 
mentioned. 

The base polymers can be formed of natural rubber, 
15 poly (1, 4-cis-butadiene) , polychloroprene, poly (1, 4-cis- 
isoprene) , isoprene/isobutene (optional-ly nalogenated) , 
butadiene/acrylonitrile or styrene/butadiene copoly- 
mers, and styrene/butadiene/isoprene terpolymers, which 
are obtained either in solution or in emulsion, and 
20 ethylene/propylene/diene terpolymers. 

Plant 1 essentially comprises a twin-screw mixer 2 
which is continuously fed from a charging hopper 3 with 
polymer material and various ingredients arriving from 

25 appropriate tanks 104 and 105, a device 4 for 
transferring and cooling the blend and a single-screw 
extruder 5 which is fed continuously and directly, from 
its charging hopper, with the blend from the device 4 
as well as, separately, with ingredients for the 

30 vulcanization system from tanks 106 and 107. 

More specifically, the twin-screw mixer 2 consists of 
an extruder of axial length "L" measured between a 
first end 0 and a second end 0', in whose chamber 8 are 
35 located two screws arranged side by side, which 
preferably rotate in opposite directions to each other; 
these screws are provided along their longitudinal 
length with an appropriately shaped flight in order to 
mix and transport the blend inside the body of the 
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extruder. The mixer forms the first stretch of the said 
path for mixing and advancing the blend: the aperture 
of the loading hopper 3 on the body of the extruder 
corresponds essentially to the inlet section I-I of the 
5 said first stretch, and the aperture for unloading the 
material into the transfer device 4 corresponds 
substantially to the outlet section C-C of the said 
stretch. In accordance with the invention, this type of 
mixer preferably has a ratio between the diameter "D M 
10 of each screw and the length "L" of the body of the 
extruder, which has a value of between B and 15, In the 
plant described and shown herein, the length "L" of the 
mixer 2 is 1300 mm and the ratio L/D is equal to 10. 

15 The mixer 2 can comprise many different embodiments, a 
number of which can be found in machines already 
commercially available, for example in the machines and 
equipment from the companies Farrel, Werner £ 
Pfleiderer, and Pomini, respectively. 

20 

At any event, irrespective of the profile of the 
screws, the sizes of the chamber and the cooling system 
provided, the mixer, in accordance with the invention, 
has to enable processing of the compound which reaches 

25 and maintains temperature and viscosity values along 
the chamber within a predetermined range: more 
particularly, the heat profile of" the blend undergoing 
processing is controlled on the basis of readings of 
the temperature and viscosity values each at at least 

30 two points along the mixer, and preferably at at least 
three points. 

While it is possible to measure the said temperature 
and viscosity values separately from each other, at 
35 separate points on the path, the Applicant prefers to 
carry out these measurements on the same sections, 
preferably on the outlet section C-C and on the section 
labelled "A-A" in Figure 1, and, even more preferably, 
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also at a further third point, that is to say on the 
section labelled "B-B" again in Figure 1. 

More specifically, section A-A is preferably located at 
5 a distance from the first end 0 which is between 55% 
and 65% of L; in this section, the temperature T* of 
the blend is preferably between 110 and 120 °C and the 
corresponding viscosity n. A between 540 and 660 Pa*s 
(Pascal seconds) . 

10 

On the outlet section C-C, the temperature value T c and 
viscosity value tj c are preferably between 150 and 160°C 
and between 300 and 380 Pa*s, respectively. 

15 Preferably, as stated, the heat profile of the blend in 
mixer 2 is controlled at at least a further third 
point, that is to say on section B-B. 

More precisely, section B-B is located at a distance 
20 from the first end O which is preferably between 35% 
and 45% of L; in this section, the temperature T B of 
the blend is preferably between 55 and 65°C and the 
corresponding viscosity nB between 8500 and 7000 Pa*s . 

25 The temperatures can conveniently be determined using 
probes formed from thermocouples made of 
iron/constantan material of the Standard/Pomini type, 
which are identified by the commercial reference JXIL. 

30 The viscosities are conveniently measured using the 
Rheo-Vulkameter instrument from the company Gottfert by 
extruding the compound through a capillary 1/20 mm in 
diameter at a pressure of 80 bar for a period of 
30 sec. From the volume extruded through the capillary 

35 the throughput is measured and, from this value, the 
viscosity in units of Pa*s is determined. 
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Preferably, the measurements are taken directly on a 
sample of compound tapped from a specific aperture in 
the chamber 8 located at the desired point. 

5 Preferred embodiments of the plant 1 are thus formed by 
mixers 2 comprising a pair of screws, at least one of 
which has . a profile which differs from one zone to 
another along the longitudinal length of the chamber 8, 
that is to say it has a series of successive profiles 

10 which alternate from one to another, a few mainly being 
capable of carrying out intense mechanical processing 
of the material, (dispersion of the ingredients in the 
blend although this is not separate from a thrusting 
action for advance of the blend) , and others which are 

15 more specifically intended to bring about advance of 
the blend along the body of the mixer, even though they 
help to carry out a certain mixing action. 

The profiles of the screws have an angle of inclination 
20 relative to the longitudinal axis of the screw which is 
preferably between 10° and 30 0 in the zones involving 
intense levels of processing, and between 20° and 40° 
in the advancing zones. 

25 Preferably, four zones 9, 10, 11, 12 are provided along 
the body of the mixer (Fig. 2), two mainly for advance 
and two mainly for mechanical processing; in 
particular, the second and fourth zones, 10 and 12, 
from the first end 0 are adapted for intense mechanical 

30 processing. 

Preferably, in the second zone 10, the two screws have 
tangential profiles and, even more preferably, the 
profiles of the two screws in zone 12 interlock, in 
35 order to increase the dispersion of the components in 
the compound. 

In all of these solutions, sections A- A and B-B are 
located in zones in which the profiles of the screws 
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are particularly suited to intense mechanical 
processing of the blend. 

The temperature and viscosity values of the blend are 
5 maintained within the ranges specified above by means 
of the cooling and regulation devices provided, in a 
known manner, on the extruders of the plant described. 

The reaction of the silane with the silica preferably 
10 needs to be at least 85% complete on leaving the mixer. 
The extent of the reaction is measured by means and 
methods that are all known and are not included in the 
present invention. 

15 In accordance with the invention/ the intermediate 
stretch of the path for mixing and advance of the blend 
is formed by a device 4 for transferring and cooling 
the blend. This cooling and transfer device is 
represented in Figure 1 with its longitudinal axis 

20 conveniently aligned with the discharge orifice of the 
mixer 2 and the feed orifice of a single-screw extruder 
which will be discussed later: however, the said device 
may be placed in other positions and furthermore its 
axis may be in various other orientations. 

25 

The device 4 according to the invention is used to cool 
the blend leaving the mixer, bringing it to a 
temperature below the crosslinking temperature; this is 
carried out essentially without any input of mechanical 

30 work into the blend, apart from the small amount 
required to transfer the material between the ends of 
the device, that is to say from the inlet section C-C 
to the outlet section E-E. It should be noted that in 
the preferred arrangement illustrated in Figure 1, the 

35 outlet section C-C of the mixer 2 essentially matches 
up with the inlet section C-C of the device 4. 

Many different preferred embodiments of the device 4 
are possible, all of which provide controlled cooling 
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systems based on the circulation of gaseous or liquid 
fluids, or both, inside the device, preferably with 
insulation of the internal space of the device from the 
external environment and thus from the ambient 
5 temperature. One possible embodiment envisages using an 
Archimedean screw for moving the material, positioned 
with its vertical axis of rotation perpendicular to the 
plane of the outlet section of the device: a different 
version envisages a plurality of pairs of toothed gears 

10 whose centres of rotation are arranged on two inclined 
axes convergent on the outlet section of the device, 
close to the inlet of the single-screw extruder. In the 
position of the maximum divergence, the two axes are 
close to the inlet section of the device, that is to 

15 say the outlet section of the twin-screw mixer. 

In the first solution, the vertical arrangement of the 
screw of the device 4 has been chosen in order to 
assist transfer of the material only, while at the same 
20 time cooling it by circulating water inside the 
Archimedean screw. 

In a more preferred solution, represented schematically 
in Figure 3, the device 4 provides two screws 13, 14, 
25 rotating in opposite directions to each other, with 
axes inclined as indicated above. The material is 
cooled by circulating water inside the shafts of the 
pairs of screws. 

30 It should be observed that, irrespective of the 
embodiment of the device 4, the material exiting the 
mixer 2 at a maximum temperature of 160°C is cooled to 
a temperature preferably between 100 and 110°C, while 
checking that the corresponding viscosity is between 

35 650 and 600 Pa*s, and is introduced continuously into 
the downstream single-screw extruder, together with the 
ingredients of the vulcanizing system which need to be 
dispersed in the blend in order to produce vulcanizable 
compounds . 
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Preferably, the material leaving the device 4 is 
introduced into the single-screw extruder at a 
temperature of about 100°C. 

5 

The final stretch of the path for mixing and advancing 
the blend, in accordance with the invention, is formed 
by a single-screw extruder which consists essentially 
of an extruder of length *1", measured between its two 

10 ends, provided with a single screw, of the same length 
1 as that of the body of the extruder, this extruder 
having, along its longitudinal length, an appropriately 
shaped flight in order to mix and transport the blend 
inside the said body of the extruder. Usually, the body 

15 of the extruder ends with an outlet die which is 
appropriately shaped for extruding a ?emi-f inished 
product with the desired right cross-section. 

The aperture of the loading hopper on the body of the 
20 extruder essentially matches the inlet section E-E of 
the said final stretch, and the aperture of the outlet 
die for the exiting material essentially matches the 
outlet section F-F of the abovementioned stretch. This 
type of mixer, according to the invention, has a ratio 
25 - between the diameter M d" of the screw and the length 
xx l" of the body of the extruder - of between 6 and 12, 

In the plant described and illustrated in Figure 1, the 
length "1" of the single-screw extruder 5 is 900 mm and 
30 the ratio 1/6 is equal to .10. It should also be noted 
that in the arrangement illustrated in the figure, the 
inlet section E-E of the extruder 5 essentially matches 
the outlet section E-E of the device 4. 

35 The single-screw extruder can be of the type known to 
skilled people by the name "Pin Convert'' available from 
many companies including, for example, the company 
"Berstoff" and the company "Krupp Machinentechnik" . 
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Preferably, the temperature value T r and the viscosity 
value T| r on the outlet section F-F of the extruder 5 
are, respectively, between 100 and 110°C and between 
550 and 600 Pa*s, and preferably not higher than the 
5 corresponding values of the inlet section. 

In the plant which is here described, the outlet die of 
the extruder 5 has dimensions such as to extrude 
continuously a sheet of compound 300 to 350 mm in width 
10 and € to 8 ram in thickness, or alternatively a strip of 
compound shaped on its cross-section to the size of a 
tread band of equal volume. 

A practical embodiment of the process of the invention 
15 for the continuous production of a tread rubber will 
now be described. 

A base polymer which can be crosslinked with sulphur, 
formed of styrene butadiene rubber (SBR) , reinforcing 

20 fillers including silica, a silica-binding agent 
consisting of a silane containing at least one sulphur 
atom, various other ingredients, except for the 
vulcanization system, and other processing ingredients 
were loaded together into the hopper 3. To facilitate 

25 loading of the polymer and the reinforcing fillers, it 
may be convenient to use a master batch (with carbon 
black or with silica) , that is to say pre-mixed blends 
of polymer and reinforcing filler. 

30 More particularly, the ingredients of the blend 
introduced via the hopper corresponded to the following 
parts by weight relative to 100 parts by weight of the 
polymer base: 

Polymer base, SBR rubber 100 
N115-type carbon black (Cabot Corporation) 30 



VN3 silica 



35 



Extender oil 



1.5 



Silane Si 69 



3.5 
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Coumarone resin 7.5 
Zinc oxide 2.5 
Stearic acid 2 

Anti-ageing agent 6PPD (Santoflex 13) 1.5 

Anti-fatigue agent TMQ (Vulcanox) 1.5 



The amount of silica can range from 10 to 90 parts by 
weight per 100 parts by weight of polymer base, with 
the silane in an amount of between 4 and 15 parts by 
5 weight per 100 parts by weight of silica, and 
preferably between 8 and 10 parts by weight per 100 
parts by weight of silica. 

The silica had a surface area, measured according to 
10 the BET method, equal to 175 m 2 /g; preferably, the 
surface area should be between 100 and 300 m 2 /g. 
Specifically, it was a VN3-type silica sold by Degussa. 

The silica-binding agents are silanes and the following 
15 can be used in particular: 

Bis (2-triethoxysilylpropyl) tetrasulphide. 
Bis (3-trimethoxysilylpropyl) tetrasulphide, 
Bis ( 2-trimethoxysilylethyl ) tetrasulphide . 

20 

Preferably, a silane sold by Degussa, known under the 
commercial reference Si 69 [Bis ( 3-triethoxysilyl- 
propyl) tetrasulphane] was used. 

25 The ingredients introduced into the hopper 3 are 
delivered into the first zone 9 of the body of the 
extruder, where they undergo premixing with the aid of 
the pair of screws rotated at an angular velocity of 
between 4 5 and 55 rev/min; this premixing gives rise to 

30 a blend which is advanced along the body of the 
extruder. 
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In particular, the chemical reaction between the silica 
and the silane is initiated, and this reaction then 
proceeds gradually throughout the production cycle. 

5 The blend now flows into the second zone 10: the 
mechanical processing of the material in the abovesaid 
zone is particularly intensive, so as to obtain a high 
level of dispersion of the silica and of the other 
ingredients in the base polymer. 

10 

In the section B-B of the second zone 10, the blend 
reaches a temperature T B of about 55 °C and a viscosity 
T| B with a value of about 8000 Pa*s. 

15 The subsequent third zone 11 mainly furthers the 
advance of the material towards the final zone 12 where 
the material arrives at section A-A with a temperature 
T A of about 120° and a viscosity tu of about 600 Pa*s . 

20 The final zone 12 is again a zone in which intensive 
mechanical processing takes place in order to maximize 
dispersion of the silica and the homogenization of the 
blend. 

25 The blend in the outlet section C-C has a temperature 
T c of not less than 150'C and not more than 160°C; the 
viscosity Tic is 340 Pa*s with variations of plus or 
minus 10% of this value as the temperature varies 
within the said range. 

30 

With the formula indicated and the machinery properties 
specified above, the throughput of mixer 2 can be 
between 200 and 4 00 kg/h and the duration of the 
processing of the blend can range from 2 to 3 minutes 
35 with the compound advancing at a speed of between 0,7 
and 1 . 1 cm/sec . 

The blend leaving the mixer is conveyed directly and 
without interruption into the cooling and transfer 
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device 4, in which it is cooled, in a manner which is 
entirely insensitive to variations in the external 
ambient temperature, arriving at the loading hopper of 
the single-screw extruder 5 at a temperature of about 
5 100°C with a viscosity of about 600 Pa+s. The residence 
time in the cooling device is between 2 and 3 minutes. 

Other ingredients can be introduced into the hopper of 
the extruder 5 but, in particular, the ingredients of 
10 the vulcanizing system are introduced* 

More specifically, the other ingredients conveyed into 
the hopper included those indicated below 
{vulcanization accelerators) with their respective 
15 parts by weight per 100 parts by weight of the base 
polymer: 

Diphenylguanidine (DPG 80) 1.25 
Benzothiazylsulphenamide (TBBS) l . 5 

Sulphur 1 
Cyclohexylthiophthalimide 0.2 

In the extruder 5, the blend is advanced and subjected 
20 to reciprocal mixing by the rotation of the relevant 
screw by a motor unit (not illustrated) at an angular 
velocity of between 35 and 45 rev/min. The processing 
time is between 2 and 3 minutes. The mechanical 
processing of the material is substantially less than 
25 that carried out in the mixer 2. 

One of the fundamental aspects of the process according 
to the invention is the dispersion of the vulcanizing 
agent by means of a single-screw extruder, at 
30 essentially constant temperature. The dispersion of the 
vulcanizing system is effected with moderate mixing 
without causing large increases in temperature, which 
might entail risks of premature crosslinking. 
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The single-screw extruder is controlled such that the 
mechanical processing is not intensive and does not 
cause inversion of the heat profile of the blend, whose 
temperature indeed remains essentially constant in the 
5 range 10O-110°C, while the viscosity falls to a value 
essentially of around 500 Pa*s. 

The single-screw extruder 5 continuously extrudes an 
extrudate of the compound which is cooled to 

10 temperatures below 30°C and collected, for example, in 
the form of sheets in overlapping loops, in a suitable 
container (not illustrated) , after which they are then 
processed in another device in order to obtain a semi- 
finished product with a shape corresponding to that of 

15 the tread band desired for the manufacture of a 
specific model of tyre. 

In another preferred embodiment, the single-screw 
extruder is provided with an appropriately shaped 
20 outlet die in order to directly extrude a strip of 
unlimited length, corresponding to a continuous length 
of tread band. 

For the purposes of making the invention clearer, 
25 Figure 4 shows a diagram, on the X-axis of which are 
given, in percentage values relative to the length L, 
the distances of the sections B-B, A-A, C-C from the 
first end 0 of the mixer 2, and, on the Y-axis, the 
corresponding temperatures in these sections. 

30 

As has already been stated, irrespective of the 
embodiment of the mixer, the fact that phases of 
advance and of mechanical processing of the compound 
are carried out so as to develop a blend heat profile 
35 characterized by a predetermined temperature and 
viscosity gradient for the material constitutes one of 
the most important characteristics of the process of 
the invention. 
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The diagram in Figure 4 shows two lines, K and K' 
respectively, qualitatively delimiting the maximum and 
minimum values of the range within which the 
temperature variations stipulated by the process 
5 according to the invention have to be maintained. 

In other words, the blend generated from the material 
introduced into the hopper 3 can adopt, in the mixer 2, 
temperature values along the two lines K and K* as well 
10 as inside these lines. 

The process according to the invention preferably 
envisages preventing section A-A from reaching a 
temperature above that delimited by the line K and 

15 below that delimited by the line K\ The reason for this 
is that if the process of mechanically processing the 
compound were to allow temperatures above the value 
defined by the line K, there would be a variation in 
the temperature between sections A-A and C-C along the 

20 dashed line t, thereby causing the section C-C to reach 
a value above 160°C and running the risk of 
precrosslinking of the compound taking place. 

Thus, if the process were to allow section A-A to reach 
25 temperatures below the value defined by the line K', the 
temperatures between sections A-A and C-C would still 
proceed along the dashed line t\ with section C-C 
reaching a temperature value below 150°C and running 
the risk of the reaction between the silica and the 
30 silane being incomplete. 

In this respect, it is considered .that a possible 
reason for the improvements obtained in the compound of 
the invention might result from the way in which, in 
35 the process according to the invention, the chemical 
reaction between the silica and the silane takes place. 

It has been found that the degree of silanization can 
be represented, at least to a certain approximation and 
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for qualitative purposes, by the graph in Figure 5, in 
which the y-axis indicates the degree of silanization R 
expressed in percentage values, and the x-axis 
indicates the time/ expressed in minutes, during which 
5 the reaction takes place. 

As can be seen by studying the graph, the reaction, for 
an equal temperature T, shows a rapid initial increase 
in the silanization before tailing off to an increasing 
10 degree of silanization but over a longer period. 

Moreover, it is seen that, for an equal reaction time 
t, the degree of silanization increases as the 
temperature increases (Ti < T 2 <T 3 ) . 

15 

Thus, the reaction between the silane and the silica 
depends on the temperature and on how long this 
temperature acts and, in practice, involves the entire 
manufacturing cycle of the compound, from the phase of 
20 initial mixing of the ingredients to completion with 
dispersion of the vulcanizing system in the blend. 

In the known process, the periodic phases of cooling of 
the blend which occur at intervals in the compound 
25 preparation cycle result in a non-uniform development 
of the degree of silanization, which has a negative 
influence on the homogeneity properties of the final 
semi -finished product. 

30 Moreover, in the case where the process were to allow 
higher viscosity values in section A- A than indicated 
above, there would be a risk of maintaining an 
excessive viscosity value at the end, which is an 
indication of insufficient dispersion of the silica in 

35 the polymer mass. 

If on the other hand the process were to allow 
viscosity values lower than those already indicated in 
section A-A, there would be a risk of the material 
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reaching an undesired, excessive level of fluidity in 
section C-C, with consequent excessive stickiness 
causing many problems in the subsequent stages of 
manufacture of the tyre. 

5 

As can be seen, the area enclosed by the two lines K 
and K' is fairly limited, as a result of which the 
temperature variations allowed by the process are small 
and this is reflected in high uniformity of the 
10 properties of the final product, as will become more 
apparent in the following tests. 

Semi-finished products obtained by the known batchwise 
process using Banbury-type mixers, as described in the 
15 abovementioned patent application, were compared with 
semi-finished products obtained by the process 
according to the invention. 

The comparative semi-finished products, of the type 
20 designed to form tread bands, had the same chemical 
composition corresponding to that described in the 
present text. 

Table 1 



Compound produced according Compound produced in a known 
to the invention manner 



Viscosity 


CA1 


CA3 


IRHD 


Viscosity 


CA1 


CA3 


IRHD 


82 


2.25 


8.22 


75.9 


72.8 


2.07 


8.5 


71.4 


81 


2.33 


8.35 


76.9 


77.4 


2.6. 


10.2 


77.5 


81 


2.1 


8.56 


75.4 


74.3 


2.3 


9.4 


75.7 


82 


2.42 


8.42 


78.3 


72,1 


2.51 


9.8 


75.8 


82 


2.19 


8.34 


78.7 


73 


2.43 


10 


75.8 


80 


2.03 


8.5 


74.1 


70.4 


2.4 


9.4 


75 


79 


2.19 


8.45 


75.2 


71.7 


2.47 


10.3 


74.5 


78 


2.12 


8.54 


74.9 


72.3 


2.59 


9.7 


74.5 


78 


2.25 


8.55 


76.5 


72.7 


2.61 


9.2 


76 








Average 


value X 








80.33 


2.21 


8.44 


76.22 


72.97 


2.44 


9.61 


75.3: 
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Standard Deviation la 
1-66 0.12 0.12 1.55 1.97 0.17 0.56 1.67 

Percentage variations in the la values for the 
compounds of the invention relative to the known 
values : 

Viscosity CA1 CA3 IRHD 

+15.7% +29.4% +78.5% +7.1% 

The above table collates the results of the comparative 
tests on the following properties: 

5 

• Viscosity of the crude semi-finished product after 
addition of the vulcanizing system to the compound; 
the measurement is made in Mooney units according to 
ISO standard 289-1 at a temperature ct" 100°C, using 

10 the Monsanto MV 2000 E instrument according to 

procedure ML (1+4); 

• Modulus values at 100% (CA1) and at 300% (CA3) 
elongation on test pieces of semi-finished products 
after vulcanization; the test was carried out 

15 according to ISO standard 37, by measuring the force r 
in MPa (MegaPascals ) required to produce the 
abovementioned elongations on the test pieces; 

• Hardness on test pieces of vulcanized semi-finished 
products; the hardness was measured in IRHD units, 

20 working according to ISO standard 48. 

As can be shown directly from Table 1, the compounds 
produced by the process according to the invention are 
considerably more uniform than those produced by known 
25 processes, as demonstrated by the lower standard 
deviation of the values of the properties examined. 

It is known that, according to the statistical law of 
Standard Deviation, given a certain number of values 
30 distributed around an average value, the standard 
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deviations lo 2a 3a indicate, by their deviation from 
the average value, the size of the intervals in which 
68.26%, 95.44% and 99.73% respectively of the values of 
the abovementioned quantity are found. 

5 

The Theory of Standard Deviation makes it possible to 
calculate easily, using a well-known mathematical 
formula, the standard deviation values for a set of 
given values. It is clear that a wide scatter of values 
10 around the average value will give rise to very large 
standard deviations, whereas a high concentration of 
values around the abovementioned average value will 
give rise to very small standard deviations. 

15 The improvements obtained in the properties of the 
modulus at 100% and at 300% elongation can be seen 
particularly clearly in the abovementioned table. 

For example, if we consider the modulus CA3 for the 
20 compounds of the invention, given the value of la 
reported in the table, equal to 0.12, by the 
statistical law of normal distribution, 99.73% of the 
values of the whole range of test pieces will be within 
an interval equal to ± 3<y, that is to say equal to 
25 ± 0.36 (0.12 x 3). When the same calculation is carried 
out for the values of the CA3 modulus for the compounds 
produced by the known method, a corresponding value for 
the interval equal to ± 1.68, that is to say 0.56 x 3, 
is found. 

30 

When the calculation is repeated for CA1 modulus values 
of the comparative compounds, a value of ±0.36 is 
again found, compared with a value of ± 0.51. 

35 Similar results are found when extending the 
examination of the values to the properties of 
viscosity and hardness: in particular, it can be seen 
that virtually 100% (99.73%) of the test pieces of the 
crude compound produced according to the invention have 
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a viscosity value within ± 3ct range of less than ± 5 
(1.66 x 3 - 4. 98) as compared with the corresponding 
range, for the compound produced in a known manner, of 
considerably more than ±5 (1.97x3=5.91), 

The invention furthermore has the advantage of a 
process which is carried out with substantially less 
energy consumption than the known process. 



10 On this subject, Table 2 below compares, on the left, 
the energy consumption of the known process with, on 
the right, that of the process according to the 
invention. 



15 The compound for both processes is that already stated 
above . 



The known process is carried out according to the 
stages of the Applicant's patent application, which has 
20 already been mentioned several times in this 
description. 



The energy consumption figures were obtained by 

measuring the power absorbed by the motors for the 

25 various phases of mechanical processing of the 
compound. The unit of measurement is the kW/kg. 



Table 2 



30 



Known process, batchwise 



Phase 1 
Phase 2 



0.115 kW/kg 
0.080 kW/kg 



Final phase 0.065 kW/kg 



Continuous process according 

to the invention 

Twin-screw mixer 0.150 kW/kg 

Single-screw 0.030 kW/kg 

extruder 

Transfer device 



The consumption of the transfer and cooling device 4 is 
not given in the table since it has negligible 
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influence on the sum total of the power absorbed by the 
mixer and by the extruder. 

The total consumption of the known process is 
5 0.260 kW/kg, compared with a consumption of 0.180 kW/kg 
for the process according to the invention. 

It may be that one of the reasons for the higher energy 
consumption of the known process is the stages needed 
10 to return the temperature of the compound, after each 
cooling, from room temperature to a temperature of 
about 100 °C. 

The process according to the invention avoids these 
15 energy consumptions since the material leaving the 
mixer 2 is conveyed directly to the cooling device 4 
and, from :the latter, is introduced directly into the 
single-screw extruder 5 at a temperature of about 
100°C. Further reduction of the energy consumption then 
20 depends on the overall mechanical processing of the 
compound being less than that which takes place in the 
known process . 

The lower energy consumption is demonstrated by the 
25 viscosity value, measured using the Monsanto MV 2000 E 
instrument, according to the data reported in Table 1. 

As may be seen, the viscosity of the extrudate leaving 
the single-screw extruder is about 10% higher than that 

30 of the final product of the known process: this 
unexpected result indicates that the lesser mechanical 
processing imparted to the compound --by the process 
according to the invention has given rise to less 
breaking of the molecular chains of the base polymer 

35 but nevertheless achieving essentially the same level 
of dispersion of the silica and of silanization . 

In other words, the processes of the prior art impart 
excessive mechanical processing to the compound, which, 
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instead of increasing the degree of dispersion of the 
silica and of silanization of the compound, degrades 
the structural properties of the polymer and has a 
consequent negative impact on the level of quality of 
5 the final product. 

This result is, indeed, advantageously demonstrated as 
regards the performance of the tyres when in use: in 
particular, tyres having the known convential structure 

10 described earlier, provided with tread bands produced 
by the process according to the invention and by the 
compound of the abovementioned formula, characterized 
by a crude viscosity, measured at 100°C, of greater 
than 76 ML (Mooney) and preferably between 78 and 82 ML 

15 (Mooney) , have shown superior performance levels, 
particularly as far as regards the greater resistance 
to abrasion and the smaller resistance to rolling than 
those of the comparative tyres, which are entirely 
identical to the prototype tyres except that the tread 

20 band, of the same compound, produced according to the 
known batchwise method, had a crude viscosity, measured 
at 100°C, equal to or less than 73 ML (Mooney) . 
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4-. Brief Description of Drawings 



Figure 1 is a schematic representation of a plant for 
carrying out the process according to the 
invention; 

Figure 2 is a first detail of the plant shown in 
Figure 1; 

Figure 3 is a second detail of the plant shown in 
Figure 1; 

Figure 4 is a graph . plotting variation in the 
temperatures allowed for plants designed to 
carry out the process according to the inven- 
tion; and 

Figure 5 is a graph showing the progress of the 
silica/silane reaction in a process for manu- 
facturing tread bands. 
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FIG. 4 
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l.Abstract 

Continuous process for producing semi-finished rubber 
products, in particular tread bands, comprising the 
preparation of a blend formed of a base polymer and 
various ingredients, added in measured amounts and at 
defined points along a path for mixing and advancing 
the said blend, by alternating phases mainly involving 
mixing, with a high level of absorption of mechanical 
work, with phases mainly involving advance of the 
blend, with a reduced level of absorption of work, 
while controlling the heat profile of the said blend 
along the entire said mixing and advance path by 
determining the local values of a number of physical 
parameters, which are taken as characterizing the heat 
profile of the blend, at least at defined points on the 
said path. 

The process is carried out by means of a plant 
consisting of a twin-screw mixer in .which various 
components of the blend, including the polymer base, 
silica and silane, are introduced, of a cooling device 
fed continuously by the twin-screw mixer, and of a 
single-screw extruder fed continuously both by the said 
blend leaving the cooling device and by the vulcanizing 
system. 

2. Representative Drawino 

Fig. 1 



